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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  f l o a t i n g - p o i n t   a r i t h -  

m e t i c   s y s t e m ,   f o r   e x a m p l e   to   s u c h   a  s y s t e m   f o r m e d   by  a  

s e m i c o n d u c t o r   i n t e g r a t e d   c i r c u i t .  

C o n v e n t i o n a l   f l o a t i n g - p o i n t   a r i t h m e t i c   u n i t s   g e n e r a l l y  

c o m p r i s e   a  f l o a t i n g - p o i n t   p r o c e s s o r   u n d e r   m i c r o p r o g r a m  

c o n t r o l .   The  c l a s s i f i c a t i o n   of  t h e   i n p u t   o p e r a n d s   i s  

o f t e n   done   by  a  m i c r o p r o g r a m .   S i m i l a r l y ,   e x c e p t i o n   h a n d -  

l i n g   in  a c c o r d a n c e   w i t h   t h e   c l a s s i f i c a t i o n   in  t e r m s   of  a n  

a t t r i b u t e   of  a  n u m b e r   ( z e r o ,   i n f i n i t y ,   n o t - a - n u m b e r ,   n o r -  

m a l i z e d   n u m b e r ,   d e n o r m a l i z e d   n u m b e r ,   e t c . )   i s   o f t e n   d o n e  

by  a  m i c r o p r o g r a m .  

Where   t h e   c l a s s i f i c a t i o n   of  t h e   o p e r a n d s   i s   d o n e   by  a  

m i c r o p r o g r a m ,   a t   l e a s t   one  m a c h i n e   c y c l e   i s   n e c e s s a r y   t o  

e x e c u t e   t h e   c l a s s i f i c a t i o n .   M o r e o v e r ,   a  n u m b e r   o f  



m a c h i n e   c y c l e s   a r e   n e e d e d   f o r   t h e   e x c e p t i o n   h a n d l i n g .  

As  a  r e s u l t ,   t h e   p r o c e s s i n g   by  t h e   c o n v e n t i o n a l   s y s t e m  

i s   s l o w .  

An  o b j e c t   o f   t h e   i n v e n t i o n   i s   to   p r o v i d e   a  f l o a t -  

i n g - p o i n t   a r i t h m e t i c   u n i t   w h i c h   c an   p e r f o r m  

c l a s s i f i c a t i o n   of   t h e   i n p u t   o p e r a n d   and  e x c e p t i o n  

p r o c e s s i n g   a t   a  h i g h   s p e e d .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  

f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   s y s t e m   p e r f o r m i n g  

an  a r i t h m e t i c   o p e r a t i o n   on  two  g i v e n   o p e r a n d s   X,  Y 

and   p r o v i d i n g   t h e   r e s u l t   Z  of   t h e   a r i t h m e t i c   o p e r a t i o n ,  

c o m p r i s i n g :  

an  X  c l a s s i f i c a t i o n   c i r c u i t   r e c e i v i n g   a t   l e a s t  

p a r t   o f   t h e   b i t s   r e p r e s e n t i n g   t h e   o p e r a n d   X  to   c l a s s i f y  

t h e   o p e r a n d   X  and  p r o d u c i n g   a t   l e a s t   one  X  c l a s s   s i g n a l  

i n d i c a t i v e   of   t h e   r e s u l t   o f   t h e   c l a s s i f i c a t i o n ;  

a  Y  c l a s s i f i c a t i o n   c i r c u i t   r e c e i v i n g   a t   l e a s t   p a r t  

o f   t h e   b i t s   r e p r e s e n t i n g   t h e   o p e r a n d   Y  to   c l a s s i f y   t h e  

o p e r a n d   Y  and  p r o d u c i n g   a t   l e a s t   one   Y  c l a s s   s i g n a l  

i n d i c a t i v e   o f   t h e   r e s u l t   of   t h e   c l a s s i f i c a t i o n ;   a n d  

a d o p t i n g   m e a n s   r e s p o n s i v e   to   t h e   X  c l a s s   s i g n a l ,  

and   Y  c l a s s   s i g n a l   f o r   a d o p t i n g ,   a t   l e a s t   p a r t   of   t h e  

b i t s  o f   t h e   o p e r a n d   X,  a t   l e a s t   p a r t   of   t h e   b i t s   of   t h e  

o p e r a n d   Y  or   a  p r e d e t e r m i n e d   s e t   of   b i t s ,   as  a t   l e a s t  

p a r t   of   t h e   r e s u l t   Z  of   t h e   o p e r a t i o n   when  t h e   s i g n i f i -  

c a n c e s   of   t h e   X  c l a s s   s i g n a l   and  t h e   Y  c l a s s   s i g n a l  



f o r m   one  of  p r e d e t e r m i n e d   c o m b i n a t i o n s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t h e   d r a w i n g s :  

F i g .   1  i s   a  b l o c k   d i a g r a m   s h o w i n g   an  e m b o d i m e n t  

of   a  f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   s y s t e m  

a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g s .   2A,  2B  and  2C  show  f o r m a t s   o f   f l o a t i n g -  

p o i n t   n u m b e r s   as  e x p r e s s e d   a t   v a r i o u s   p a r t   of   t h e  

s y s t e m ;  

F i g .  3   i s   a  b l o c k   d i a g r a m   s h o w i n g   an  e x a m p l e   o f  

a  c l a s s i f i c a t i o n   c i r c u i t ;  

F i g .   4  i s   a  t a b l e   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

t h e   c o m b i n a t i o n   of   t h e   k i n d   of   o p e r a t i o n   to   be  p e r f o r m -  

ed  and  t h e   c l a s s e s   of   t h e   o p e r a n d s   and  t h e   v a l u e  o f   Z ,  

i . e . ,   t h e   r e s u l t   of   o p e r a t i o n ;  

F i g .   5  s h o w s   in   d e t a i l   an  e x a m p l e   of  a  c o n t r o l  

PLA;  

F i g s .   6  and   7  show  in  d e t a i l   an  e x a m p l e   of   a  

m a n t i s s a   c o m p a r a t o r ;   a n d  

F i g s .   8  -   10  show  in   d e t a i l   an  e x a m p l e   of   a  

s e l e c t o r   and  a  s i g n   c i r c u i t .  

DESCRIPTION  OF  THE  EMBODIMENT 

F i g .   1  shows   a  f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n  

s y s t e m   of   an  e m b o d i m e n t   of   t h e   i n v e n t i o n .  

A  f i r s t   or   X  r e g i s t e r   1  i s   a  r e g i s t e r   r e c e i v i n g  

and  s t o r i n g   a  f i r s t   o p e r a n d   X  of   32  b i t s .   A  s e c o n d   o r  

Y  r e g i s t e r   2  i s   a  r e g i s t e r   r e c e i v i n g   and  s t o r i n g   a  



s e c o n d   o p e r a n d   Y  of   32  b i t s .   E a c h   of   t h e   o p e r a n d s   X ,  

Y  i s   r e p r e s e n t e d   by  t h e   f o r m a t   as  shown  in   F i g .   2A 

a c c o r d i n g   to  a  r e c e n t l y  p r o p o s e d   IEEE S tandard .   In  Fig.   2A, 

S  i s   t h e   s i g n   b i t ,   t h e   f i e l d   E  i s   f o r   8 - b i t   e x p o n e n t  

w h o s e   v a l u e   i s   b i a s e d   by  127  (=  2  -   1 ) ,   and  t h e   f i e l d  

F  i s   f o r   t h e   2 3 - b i t   f r a c t i o n ,   w h i c h ,   t o g e t h e r   w i t h   a n  

i m p l i c i t   l e a d i n g   1,  y i e l d s   t h e   m a n t i s s a   h a v i n g   a  v a l u e  

l . F .   A  n o r m a l i z e d   n o n z e r o   n u m b e r   as  r e p r e s e n t e d   by  t h e  

f o r m a t   of   F i g .   2A  h a s   a  v a l u e :  

A  f i r s t   o r   X  c l a s s i f i c a t i o n   c i r c u i t   3  r e c e i v e s   3 1  

b i t s   in   t h e   f i e l d s   E  and   F  of   t h e   o p e r a n d   X  f r o m   t h e   X 

r e g i s t e r   1  and   d e t e r m i n e s   t h e   c l a s s   of   t h e   o p e r a n d   X. 

The  c l a s s i f i c a t i o n   of   t h e   o p e r a n d s   i s   made  by  a t t r i b u t e  

of   t h e   o p e r a n d s   i n t o   f i v e   c a t e g o r i e s   or   c l a s s e s ,   i . e . ,  

z e r o   (ZERO),   i n f i n i t y   ( I N F ) ,   n o t - a - n u m b e r   ( N A N ) ,  

n o r m a l i z e d   n u m b e r   (NML)  and   d e n o r m a l i z e d   n u m b e r   (DNL) .  

The  X  c l a s s i f i c a t i o n   c i r c u i t   3  h a s   s i x   o u t p u t   l i n e s ,  

f i v e   of   w h i c h   a r e   u s e d   to   t r a n s m i t   s i g n a l s   ZERO,  I N F ,  

NAN,  NML  and  DNL,  e a c h   of   w h i c h   i s   "0"  when  t h e   o p e r a n d  

X  f r o m   t h e   X  r e g i s t e r   1  i s   of   t h e   p a r t i c u l a r   c l a s s .  

The  r e m a i n i n g   o n e  o u t p u t   l i n e   i s   u s e d   to   t r a n s m i t   a  

s i g n a l   E0,   w h i c h   i s   "1"  when  t h e   LSB  in   t h e   f i e l d   E  i s  

"1"  o r   t h e   o p e r a n d   X  i s   DNL. 

F i g .   3  shows   in   d e t a i l   an  e x a m p l e   of   t h e   X  c l a s s i -  

f i c a t i o n   c i r c u i t   3.  As  i l l u s t r a t e d ,   i t   c o m p r i s e s   a  



NOR  g a t e   101  r e c e i v i n g   23  b i t s   of   t h e   f i e l d   F  o f  t h e  

o p e r a n d   X.  I t s   o u t p u t   i s   "1"  when  a l l   t h e   b i t s   in   t h e  

f i e l d   F  a r e   " 0 " .   A  s e c o n d   NOR  g a t e   105  r e c e i v e s   8 

b i t s   of   t h e   f i e l d   E  o f  t h e   o p e r a n d   X.  I t s   o u t p u t   i s  

"1"  when  a l l   t h e   b i t s   in   t h e   f i e l d   E  a r e   " 0 " ,   i . e . ,  

E  =  0.  An  AND  g a t e   107  a l s o   r e c e i v e s   t h e   8  b i t s   of   t h e  

f i e l d   E.  I t s   o u t p u t   i s   "1"  when   t h e   b i t s   in   t h e   f i e l d  

E  a r e   a l l   " 1 " ,   i . e . ,   E  =  255 .   A  NOT  c i r c u i t   102  i n v e r t s  

t h e   o u t p u t   of   t h e   NOR  g a t e   101 .   A  NAND  g a t e   1 0 3  

r e c e i v e s   t h e   o u t p u t s   of   NOR  g a t e s   101  and  105 ,   and  i t s  

o u t p u t   ZERO  i s   "0"  when  t h e   o p e r a n d   X  i s   z e r o .   A  NAND 

g a t e   104  r e c e i v e s   t h e   o u t p u t s   of   t h e   NOR  g a t e   101  a n d  

t h e   AND  g a t e   107  and  i t s   o u t p u t   INF  i s   "0"  when  t h e  

o p e r a n d   X  i s   an  i n f i n i t y .   A  NAND  g a t e   108  r e c e i v e s   t h e  

o u t p u t s   of   t h e   NOT  c i r c u i t   102  and  t h e   AND  g a t e   107  a n d  

i t s   o u t p u t   NAN  i s   "0"  when  t h e   o p e r a n d   X  i s   n o t - a - n u m b e r .  

A  NAND  g a t e   106  r e c e i v e s   t h e   o u t p u t s   of   t h e   NOT  c i r c u i t  

102  and  t h e   NOR  g a t e   105  and  i t s   o u t p u t   DNL  i s   "0"  w h e n  

t h e   o p e r a n d   X  i s   a  d e n o r m a l i z e d   n u m b e r .   A  NAND  g a t e   1 1 1  

r e c e i v e s   t h e   o u t p u t s   of   t h e   NAND  g a t e s   103 ,   104 ,   1 0 6  

and  108  and  i t s   o u t p u t   NML  i s   "0"  when  t h e   o p e r a n d   X  i s  

a  n o r m a l i z e d   n u m b e r .   A  NOT  c i r c u i t   109  i n v e r t s   t h e   LSB 

XEO  of   f i e l d   E  of   t h e   o p e r a n d   X.  A  NAND  g a t e   110  r e c e i v e s  

t h e   o u t p u t s   of   t h e   NOT  c i r c u i t   109  and  t h e   NAND  g a t e   1 0 6  

and  i t s   o u t p u t   EO  i s   "1"  when  t h e   LSB  of   t h e   f i e l d   E  o f  

t h e   o p e r a n d   X  i s   "1"  or   t h e   o p e r a n d   X  i s   a  d e n o r m a l i z e d  

n u m b e r .   The  EO  i s   u s e d   as  a  s u b s t i t u t e   f o r   t h e   LSB  o f  



t h e   e x p o n e n t .  

A  s e c o n d   or   Y  c l a s s i f i c a t i o n   c i r c u i t   4  r e c e i v e s  

31  b i t s   in   t h e   f i e l d s   E  and  F  of   t h e   o p e r a n d   Y  f r o m  

t h e   Y  r e g i s t e r   2  and  d e t e r m i n e   t h e   c l a s s   of   t h e  

o p e r a n d   Y.  The  s t r u c t u r e   and   f u n c t i o n   of   t h e   Y  c l a s s i -  

f i c a t i o n   c i r c u i t   4  a r e   s i m i l a r   to   t h o s e   of   t h e   X 

c l a s s i f i c a t i o n   c i r c u i t   3 .  

A  c l a s s   bus   5  c o m p r i s e s   10  s i g n a l   l i n e s   c a r r y i n g  

t h e   s i g n a l s   XZERO,  XINF,  XNML,  XNAN,  X D N L  w h i c h   a r e  

t h e   same  as  ZERO,  INF,   NML,  NAN,  DNL  f r o m   t h e   X  c l a s s i -  

f i c a t i o n   c i r c u i t   3  and  t h e   s i g n a l s   YZERO,  YINF,   YNML, 

YNAN,  YDNL  w h i c h   a r e   t h e   same  as  ZERO,  INF,   NML,  NAN, 

DNL  f r o m   t h e   Y  c l a s s i f i c a t i o n   c i r c u i t   4 .  

An  X  bus   6  c o m p r i s e s   33  s i g n a l   l i n e s ,   31  of   w h i c h  

c a r r y   t h e   s i g n   b i t ,   a l l   t h e   b i t s   in   t h e   f i e l d   F  and  t h e  

b i t s   in   t h e   f i e l d   E,  e x c e p t   t h e   LSB,  of   t h e   o u t p u t   o f  

t h e   X  r e g i s t e r   1.  The  r e m a i n i n g   two  s i g n a l   l i n e s   c a r r y  

t h e   o u t p u t s   DNL  and   EO  of   t h e   X  c l a s s i f i c a t i o n   c i r c u i t   3 .  

The  o u t p u t   EO  i s   u s e d   to   c o n s t i t u t e   t h e   e x p o n e n t ' s   L S B .  

The  o u t p u t   DNL  i s   u s e d   to   c o n s t i t u t e   t h e   i m p l i e d   " 1 "  

b i t   of   t h e   m a n t i s s a   M.  T h u s ,   t h e   o p e r a n d   X  i s   r e p r e s e n t -  

ed  on  t h e   bus   6  by  t h e   f o r m a t   shown  in  F i g .   2 B .  

A  Y  b u s   7  h a s   a  s i m i l a r   c o m p o s i t i o n ,   e x c e p t   t h a t  

i t   r e c e i v e s   s i g n a l s   f r o m   t h e   Y  r e g i s t e r   2  and  t h e   Y 

c l a s s i f i c a t i o n   c i r c u i t   4  i n s t e a d   of   t h e   X  r e g i s t e r   1  a n d  

t h e   X  c l a s s i f i c a t i o n   c i r c u i t   3 .  

A  command  bus   8  c o m p r i s e s   t h r e e   s i g n a l   l i n e s   c a r r y i n g  



s i g n a l s   A,  S  a n d   M  w h i c h   a r e   u s e d   t o  c o m m a n d   a d d i t i o n ,  

s u b t r a c t i o n   and  m u l t i p l i c a t i o n ,   r e s p e c t i v e l y ,   by  b e i n g  

s e t   a t   " 1 " .  

A  m u l t i p l i c a t i o n   s e c t i o n   20  c o m p r i s e s   a  n o r m a l   o r  

o r d i n a r y   f l o a t i n g - p o i n t   m u l t i p l i c a t i o n   u n i t   2 Q A ,  w h i c h  

c o m p r i s e s   a  s i g n   p r o c e s s o r   21,  an  e x p o n e n t   p r o c e s s o r   22  

and  a  m a n t i s s a   p r o c e s s o r   2 3 .  

The  s i g n   p r o c e s s o r   21  c o m p r i s e s   an  E x c l u s i v e - O R  

g a t e   r e c e i v i n g   t h e   s i g n   b i t s   f r o m   t h e   X  bus   6  and  t h e   Y 

bus   7 .  

The  e x p o n e n t   p r o c e s s o r   22  r e c e i v e s   t h e   8 - b i t   e x p o n e n t  

f r o m   e a c h   of   t h e   X  bus   6  and  t h e   Y  bus   7,  and  c o m p r i s e s  

a  c i r c u i t   f o r   a d d i n g   t h e   two  e x p o n e n t s   and  m a k i n g  

a d j u s t m e n t   f o r   n o r m a l i z a t i o n .   I t   p r o d u c e s   an  8 - b i t   o u t -  

p u t   s i g n i f y i n g   t h e   e x p o n e n t   of   t h e   r e s u l t   Z  of   t h e   m u l t i -  

p l i c a t i o n   ( p r o d u c t ) .   When  t h e   e x p o n e n t   f i e l d   E  b e c o m e s  

n e g a t i v e   t h r o u g h   t h e   p r o c e s s   of   a d j u s t m e n t   f o r   n o r m a l i z a -  

t i o n ,   an  o u t p u t   s i g n a l   SIGN  b e c o m e s   " 1 " .  

The  m a n t i s s a   p r o c e s s o r   23  c o m p r i s e s   a  c i r c u i t   f o r  

p e r f o r m i n g   a  f i x e d   p o i n t   m u l t i p l i c a t i o n   on  t h e   t w o  

m a n t i s s a s   and  a  n o r m a l i z a t i o n   c i r c u i t   f o r   n o r m a l i z i n g  

t h e   r e s u l t   o f   t h e   f i x e d   p o i n t   m u l t i p l i c a t i o n .   The  p r o -  

c e s s o r   23  r e c e i v e s   t h e   2 4 - b i t   m a n t i s s a   f r o m   e a c h   of  t h e  

X  bus   6  and  t h e   Y  bus   7,  and  p r o d u c e   23  b i t   f r a c t i o n   f o r  

t h e   r e s u l t   Z.  I t s   a d d i t i o n a l   o u t p u t   LONGSHIFT  b e c o m e s  

"1"  when  t h e   n o r m a l i z a t i o n   r e q u i r e s   r i g h t w a r d   s h i f t   o f  

more   t h a n   24  b i t s ,   and  i t s   f u r t h e r   o u t p u t   POV  b e c o m e s   " 1 "  



when  t h e   e x p o n e n t   o v e r f l o w s .  

A  f r a c t i o n   s e l e c t o r   26  r e c e i v e s   t h e   23  b i t   f r a c -  

t i o n   s i g n a l   f r o m   t h e   m a n t i s s a   p r o c e s s o r   23  and  t h e  

23  b i t   o u t p u t   o f   a  ROM  26A.  The  2 3  b i t s   f r o m   t h e   ROM 

26A  a r e   a l l   " 0 " .  

The  f r a c t i o n   s e l e c t o r   c o n t r o l   c i r c u i t   27  r e c e i v e s  

t h e   s i g n a l s   LONGSHIFT  and  POV  f r o m   t h e   m a n t i s s a   p r o -  

c e s s o r   23  and   t h e   s i g n a l s   XZERO,  YZERO,  XDNL,  a n d   YDNL 

f r o m   t h e   c l a s s   bus   5,  and  d e t e r m i n e s   MZERO  by  t h e   f o l l o w -  

i n g   l o g i c a l   e q u a t i o n .  

The  f r a c t i o n   s e l e c t o r   26  i s   c o n t r o l l e d   by  t h e   s i g n a l s  

MZERO  and   MZERO  f r o m   t h e   c o n t r o l   c i r c u i t   27  and  s e l e c t s  

t h e   o u t p u t   of   t h e   ROM  26A  when  t h e   s i g n a l   MZERO  i s   " I " ,  

and   s e l e c t s   t h e   o u t p u t   of   t h e   p r o c e s s o r   23  when  MZERO 

i s   " 1 " .  

An  e x p o n e n t   s e l e c t o r   24  r e c e i v e s   t h e   8  b i t   e x p o n e n t  

s i g n a l   f r o m   t h e   e x p o n e n t   p r o c e s s o r   22  and  t h e   8  b i t   o u t -  

p u t s   o f   ROM's  24A  and  24B.  The  8  b i t s   f r o m   t h e   ROM  24A 

a r e   a l l   " 1 " ,   w h i l e   t h e   8  b i t s   f r o m   t h e   ROM  24B  a r e   a l l  

" 0 " .  

An  e x p o n e n t   s e l e c t o r   c o n t r o l   c i r c u i t   25  r e c e i v e s  

t h e   s i g n a l   POV  f r o m   t h e   m a n t i s s a   p r o c e s s o r   23,   t h e   s i g n a l  

SIGN  f r o m   t h e   e x p o n e n t   p r o c e s s o r   22  and  t h e   s i g n a l s  

XZERO,  YZERO,  XDNL  and   YDNL  f r o m   t h e   c l a s s   bus   5,  a n d  

d e t e r m i n e s   t h e   s i g n a l s   EONE,  EZERO  and   ENORMAL  by  t h e  



f o l l o w i n g   l o g i c a l   e q u a t i o n s :  

The  e x p o n e n t   s e l e c t o r   24  i s   c o n t r o l l e d   by  t h e   e x -  

p o n e n t   s e l e c t o r   c o n t r o l   c i r c u i t   25  and  s e l e c t s   t h e   o u t -  

p u t   of   t h e   ROM  24A  when  t h e   s i g n a l   EONE  i s   " 1 " ,  s e l e c t s  

t h e   o u t p u t   of   t h e   ROM  24B  when  t h e   s i g n a l   EZERO  i s   " 1 " ,  

and  s e l e c t s   t h e   o u t p u t   of   t h e   e x p o n e n t   when  t h e   s i g n a l  

ENORMAL  i s   " 1 " .  

When  a t   l e a s t   one  of   t h e   o p e r a n d s   X  and  Y  i s   ZERO, 

t h e   s i g n a l s   MZERO  and  EZERO  a r e   b o t h   " 1 " .   When  t h e  

o p e r a n d s   X  and   Y  a r e   b o t h   DNL,  t h e   s i g n a l s   MZERO,  EZERO 

a r e   b o t h   " 1 " .   The  s i g n a l   MZERO  i s   a l s o   "1"  when  t h e  

s i g n a l   POV  or   t h e   s i g n a l   LONGSHIFT  i s   " 1 " .   The  s i g n a l  

EONE  i s   "1"  w h e n  t h e   s i g n a l   POV  i s   1,  i . e . ,   a n , e x p o n e n t  

o v e r f l o w   o c c u r s .   The  s i g n a l   EZERO  i s   "1"  when  t h e   e x -  

p o n e n t   u n d e r f l o w   o c c u r s .   The  s i g n a l   ENORMAL  b e c o m e s   " 1 "  

when  n e i t h e r   EONE  n o r   EZERO  i s   " 1 " .  

The  o u t p u t s   of   t h e   e x p o n e n t   s e l e c t o r   24  and  t h e  

f r a c t i o n   s e l e c t o r   26,   t o g e t h e r   w i t h   t h e   o u t p u t   o f  t h e  

s i g n   c i r c u i t   21  f o r m   a  32  b i t   o u t p u t   of   t h e   m u l t i p l i c a -  

t i o n   s e c t i o n   2 0 .  

An  a d d i t i o n / s u b t r a c t i o n   s e c t i o n   40  r e c e i v e s   33  b i t s  

f r o m   t h e   X  bus   6  and   33  b i t s   f r o m   t h e   Y  bus   7.  I t   a l s o  

r e c e i v e s   t h e   s i g n a l   S  f r o m   t h e   command  bus   8  and   t h e  



s i g n a l s   f r o m   t h e   c l a s s   bus   5.  I t   c o m p r i s e s   a  n o r m a l  

or   o r d i n a r y   f l o a t i n g - p o i n t   a d d i t i o n / s u b t r a c t i o n   u n i t  

40A  c o m p r i s i n g   an  a r r a y   of   a d d e r s .   The  a d d i t i o n /  

s u b t r a c t i o n   u n i t   40A  p e r f o r m s   e i t h e r   a d d i t i o n   or   s u b -  

t r a c t i o n   d e p e n d i n g   on  t h e   s i g n i f i c a n c e   of   t h e   s i g n a l  

S.  More  p a r t i c u l a r l y ,   i t   p e r f o r m s   a d d i t i o n   when  t h e  

s i g n a l   S  i s   " 0 " ,   and   i t   p e r f o r m s   s u b t r a c t i o n   when  t h e  

s i g n a l   S  i s   " 1 " .  

The  a d d i t i o n / s u b t r a c t i o n   s e c t i o n   40  h a s   a  f u r t h e r  

f u n c t i o n   o f   a d o p t i n g   a  p r e d e t e r m i n e d   s e t   of   b i t s   as  a t  

l e a s t   p a r t   of   t h e   r e s u l t   of  t h e   o p e r a t i o n ,   i n   p l a c e   of  t h e  

c o r r e s p o n d i n g   b i t s   of   t h e   r e s u l t   of  o p e r a t i o n   p e r f o r m e d   b y  

t h e   u n i t   40A,  when   e i t h e r   o p e r a n d   i s   one   of   s p e c i a l   c l a s s e s .  

A  s e l e c t o r   32  r e c e i v e s   t h e   o u t p u t s   o f   t h e   m u l t i -  

p l i c a t i o n   s e c t i o n   20  and  t h e   a d d i t i o n / s u b t r a c t i o n  

s e c t i o n   40,   and   s e l e c t s   t h e   o u t p u t   of   t h e   m u l t i p l i c a -  

t i o n   s e c t i o n   20  when  t h e   s i g n a l   M  i s   "1"  and  s e l e c t s  

t h e   o u t p u t   o f   t h e   a d d i t i o n / s u b t r a c t i o n   s e c t i o n   40  w h e n  

t h e   s i g n a l   M  i s   " 0 " .  

An  e x c e p t i o n   h a n d l i n g   s e c t i o n   10  c o m p r i s e s   a  

m a n t i s s a   c o m p a r a t o r   11 ,   a  c o n t r o l   PLA  ( p r o g r a m m a b l e  

l o g i c   a r r a y )   12,   a  s e l e c t o r   13  and  a  s i g n   c i r c u i t   1 4 .  

The  m a n t i s s a   c o m p a r a t o r   11  r e a d s   2 4 - b i t   m a n t i s s a  

f r o m   e a c h   o f   t h e   X  b u s   6  and  t h e   Y  bus   7.  I t s   o u t p u t  

(X>Y)O  b e c o m e s   "1"  when  t h e   m a n t i s s a   of   t h e   o p e r a n d  

X  i s   f o u n d   to   be  g r e a t e r   t h a n   t h e   m a n t i s s a   of   t h e   o p e r a n d  

Y .  



F i g .   6  shows   in   d e t a i l   t h e   m a n t i s s a   c o m p a r a t o r  

11.   As  s h o w n ,   i t   c o m p r i s e s   24  c o m p a r i s o n   u n i t s   CMPO 

-  CMP23,  r e c e i v i n g   r e s p e c t i v e   b i t s   XM0 -   XM23  and  YMO 

-  YM23  of   t h e   m a n t i s s a s   of  t h e   o p e r a n d   X  and   t h e  

o p e r a n d   Y .  

F i g .   7  shows   in   d e t a i l   one  of   t h e   c o m p a r i s o n   u n i t s  

CMPi  (i  =  0  -   2 3 ) .   I t   r e c e i v e s   one   e a c h   b i t   XMi,  YMi 

of   t h e   o p e r a n d s   X,  Y.  I t   a l s o  r e c e i v e s   s i g n a l s   ( X = Y ) i + 1  

and  ( X > Y ) i + 1   f r o m   a  c o m p a r i s o n   u n i t   CMPi+1  f o r   t h e   n e x t  

h i g h e r   b i t .   When  t h e   s i g n a l   ( X = Y ) i + 1   i s   " 1 " ,   i t  

s i g n i f i e s   t h a t   t h e   h i g h e r   o r d e r   b i t s   (down  to   t h e   n e x t  

h i g h e r   b i t   ( i + 1 ) )   a t   t h e   m a n t i s s a s   of   t h e   o p e r a n d s   a r e  

i d e n t i c a l   to   e a c h   o t h e r .   When  t h e   s i g n a l   ( X > Y ) i + 1   i s  

" 1 " ,   i t   s i g n i f i e s   t h a t   t h e   c o m p a r i s o n   down  to   t h e   n e x t  

h i g h e r   b i t   ( i + 1 )   h a s   r e v e a l e d   t h a t   t h e   m a n t i s s a   of   X  i s  

g r e a t e r   t h a n   t h e   m a n t i s s a   of   Y.  How  t h e s e   s i g n a l s  

( X = Y ) i + 1   and   ( X > Y ) i + 1   a r e   d e r i v e d   w i l l   be  u n d e r s t o o d  

f r o m   t h e   f o l l o w i n g   d e s c r i p t i o n   on  how  t h e   s i g n a l s  

( X = Y ) i   and  (X>Y)i  a r e   d e r i v e d .   The  c o m p a r i s o n   u n i t  

CMP23  of   t h e   MSB  a l w a y s   r e c e i v e s   "1"  f o r   t h e   ( X = Y ) i + 1  

s i g n a l ,   and  "0"  f o r   t h e   ( X > Y ) i + 1   s i g n a l .  

As  i l l u s t r a t e d ,   t h e   c o m p a r i s o n   u n i t   CMPi  c o m p r i s e s  

NOT  c i r c u i t s   501 ,   502 ,   503 ,   r e s p e c t i v e l y   r e c e i v i n g   t h e  

s i g n a l s   (X = Y)  i + 1 '   (X>Y)  i + 1 '   XMi.  An  AND  g a t e   504  a n d  

a  NOR  g a t e   505  r e c e i v e s   t h e   s i g n a l s   X M i  a n d   YMi.  A  NOR 

g a t e   506  r e c e i v e s   t h e   o u t p u t s   o f   t h e   AND  g a t e   504  a n d  

t h e   NOR  g a t e   505 .   An  OR  g a t e   507  r e c e i v e s   t h e  o u t p u t s  



of   t h e   NOT  c i r c u i t s . 5 0 1 ,   503  and  t h e   s i g n a l   YMi.  A 

NOR  g a t e  5 0 8   r e c e i v e s   t h e   o u t p u t s   of   t h e   NOT  c i r c u i t  

501  and  t h e   NOR  g a t e   506 .   A  NAND  g a t e   509  r e c e i v e s  

t h e   o u t p u t s   of   t h e   OR  g a t e   507  and  t h e   NOT  c i r c u i t   5 0 2 .  

The  o u t p u t   of   t h e   NOR  g a t e   508  c o n s t i t u t e s   a  s i g n a l  

(X  =  Y) i   and   t h e   o u t p u t   o f   t h e   NAND  g a t e   c o n s t i t u t e s   a  

s i g n a l   ( X > Y ) i .   The  f u n c t i o n   o f   t h e   l o g i c a l   n e t w o r k  

d e s c r i b e d   c a n   be  r e p r e s e n t e d  b y   t h e   f o l l o w i n g   l o g i c a l  

e x p r e s s i o n s .  

T h e s e   s i g n a l s   (X  =  Y ) i   and  (X  >  Y ) i   a r e   s u p p l i e d  

to   a  c o m p a r i s o n   u n i t   CMPi -1   f o r   t h e   n e x t   l o w e r   b i t .  

The  s i g n a l   (X  >  Y)0  f r o m   t h e   c o m p a r i s o n   c i r c u i t   CMP0 

f o r   t h e   LSB  i n d i c a t e s   t h e   u l t i m a t e   r e s u l t   of   t h e   c o m -  

p a r i s o n   b e t w e e n   t h e   m a n t i s s a s   of   t h e   o p e r a n d s   X  and  Y 

and  i s   u s e d   as  t h e   o u t p u t   o f   t h e   m a n t i s s a   c o m p a r a t o r   1 1 .  

The  c o n t r o l   PLA  12  r e c e i v e s   6  b i t   s i g n a l s   XZERO, 

XINF,  XNAN,  YZERO,  YINF,   YNAN  f r o m   t h e   c l a s s   bus   5 .  

The  c o n t r o l   PLA  12  a l s o   r e c e i v e s   t h e   s i g n   b i t   XS  f r o m  

t h e   X  bus   6,  and  t h e   s i g n   b i t   YS  f r o m   t h e   Y  bus   7,  a n d  

t h e   s i g n a l s   A  and   S  f r o m   t h e   command  bus   8  r e s p e c t i v e l y  

c o m m a n d i n g   a d d i t i o n   and   s u b t r a c t i o n .  

F i g .   5  shows   in   d e t a i l   t h e   c o n t r o l   PLA  12.  A s  

i l l u s t r a t e d ,   i t   c o m p r i s e s   NOT  c i r c u i t s   2 5 1  -   2 5 7  

r e s p e c t i v e l y   r e c e i v i n g   t h e   s i g n a l s   XZERO,  XINF,   XNAN, 



YZERO,  YINF,  YNAN  and   (XyY)0 .   I t   a l s o   c o m p r i s e s   a n  

E x c l u s i v e - O R   g a t e   258  r e c e i v i n g   t h e   s i g n a l s   XS  and  YS ,  

an  E x c l u s i v e - O R   g a t e   259  r e c e i v i n g   t h e   o u t p u t   of  t h e  

E x c l u s i v e - O R   g a t e   258  and   t h e   s i g n a l   S,  a  NOT  c i r c u i t  

260  r e c e i v i n g   t h e   o u t p u t   of   t h e   E x c l u s i v e - O R   g a t e   2 5 9 ,  

a  NOR  g a t e   r e c e i v i n g   t h e   s i g n a l s   A  and  S,  a  NOT  c i r -  

c u i t   262  r e c e i v i n g   t h e   o u t p u t   o f   t h e   NOR  g a t e   and  a  

NAND  g a t e   263  r e c e i v i n g   t h e   s i g n a l s   XINF,  XNAN,  Y I N F ,  

and   YNAN.  The  o u t p u t   EX  i s   t h e r e f o r e   g i v e n   b y :  

The  PLA  12  f u r t h e r   c o m p r i s e s   an  AND  c i r c u i t   b l o c k  

51  and  an  OR  c i r c u i t   b l o c k   52.  The  i n p u t s   to   t h e   AND  c i r -  

c u i t   b l o c k   51  a r e   t h o s e   c o u p l e d   to  t h e   u p p e r   e n d s   of  t h e  

v e r t i c a l   c o n d u c t o r s   or  c o l u m n s .   The  o u t p u t s   of  t h e   AND 

c i r c u i t   b l o c k   51  a r e   d e r i v e d   f r o m   t h e   h o r i z o n t a l   c o n d u c t o r s  

or  r ows   2 0 1  -   221.   The  o u t p u t   of  e a c h   row  i s   g i v e n   as  a  

p r o d u c t   of  i n v e r s i o n s   of  t h o s e   i n p u t s   of  t h e   c o l u m n s   w h o s e  

i n t e r s e c t i o n s   w i t h   t h e   row  in   q u e s t i o n   a r e   c i r c l e d .  

The  i n p u t s   to   t h e   OR  c i r c u i t   52  a r e   p l a c e d   on  t h e  

h o r i z o n t a l   c o n d u c t o r s   o r   rows   c o n n e c t e d   to   t h e   o u t p u t s  

of   t h e   AND  c i r c u i t   51.  The  o u t p u t s   of   t h e   OR  c i r c u i t   52  

a r e   d e r i v e d   f r o m   t h e   v e r t i c a l   c o n d u c t o r s   or   c o l u m n s   2 2 2  

-  225 .   The  o u t p u t   of   e a c h   c o l u m n   i s   g i v e n   as  t h e   r e s u l t  

of   NOR  o p e r a t i o n   of   t h e   i n p u t s   of   t h e   rows   w h o s e   i n t e r -  

s e c t i o n   w i t h   t h e   c o l u m n   in  q u e n s t i o n   a r e   c i r c l e d .  

I t   w i l l   t h e r e f o r e   be  a p p r e c i a t e d   t h a t   t h e   o u t p u t s  



on  t h e   r e s p e c t i v e   c o n d u c t o r s   2 0 1  -   225  o r   t h e i r   i n v e r -  

s i o n s   a r e   g i v e n   by  t h e   f o l l o w i n g   e x p r e s s i o n s :  



The  o u t p u t   on  t h e   c o n d u c t o r s   222 ,   224 ,   225  a r e  

i n v e r t e d   by  i n v e r t e r s   264 ,   265 ,   266  to   b e c o m e   s i g n a l s  

NAN,  OX,  OY,  r e s p e c t i v e l y ,   w h i l e   t h e   o u t p u t s   on  t h e  

c o n d u c t o r s   218 ,   219 ,   223  c o n s t i t u t e   s i g n a l s   fNANO, 

fNANl ,   PS,  r e s p e c t i v e l y ,   so  t h a t   t h e s e   s i g n a l s   ( o r  t h e i r  

i n v e r s i o n s )   a r e   r e p r e s e n t e d   by  t h e   f o l l o w i n g   e x p r e s s i o n s :  



M o r e o v e r ,   t h e   o u t p u t   of   t h e   E x c l u s i v e - O R   g a t e   2 5 8  

i s   g i v e n   b y :  

T h i s   s i g n a l   i s   u s e d   as  a n o t h e r   o u t p u t   of   t h e   c o n t r o l   PLA 

1 2 .  

The  s e l e c t o r   13  r e c e i v e s   31  b i t   s i g n a l ,   w h i c h   d o e s  

n o t   i n c l u d e   t h e   s i g n   b i t   and  t h e   DNL  b i t   in   F i g .   2 B ,  

f r o m ' e a c h   of   t h e  X   bus   6  and  t h e   Y  bus   7.  I t   a l s o   r e c e i v e s  

a  c o m b i n a t i o n   o f   29  b i t s ,   w h i c h   a r e   a l l   " I " ,   f rom  a  ROM 

13A  and  two  b i t s   fNANO,  fNANl  f r o m   t h e   c o n t r o l   PLA  1 2 ,  

t h e   two  b i t s   fNANO,  fNANl  f o r m i n g   t h e   LSB  and  t h e   s e c o n d  



l e a s t   s i g n i f i c a n t   b i t .   T h u s ,   t h e  b i t   a r r a y   of   t h e  

" c o m b i n a t i o n "   i s   as  shown  in  F i g .   2 C .  

The  s e l e c t o r   13  s e l e c t s   one  of   t h e   t h r e e   i n p u t s   i n  

a c c o r d a n c e   w i t h   s i g n a l s   OX,  OY,  NAN  s u p p l i e d   f r o m   t h e  

c o n t r o l   PLA  and  a c t i n g   as  s e l e c t i o n   c o n t r o l   s i g n a l s .  

More  s p e c i f i c a l l y ,   when  t h e   s i g n a l   OX  i s   " 1 " ,   t h e   i n p u t  

f r o m  t h e   X  bus   6  i s   s e l e c t e d .   When  t h e   s i g n a l  O Y   i s  

" 1 " ,   t h e   i n p u t   f r o m   t h e   Y  bus   7  i s   s e l e c t e d .   When  t h e  

s i g n a l   NAN  i s   " 1 " ,   t h e   " c o m b i n a t i o n "   i s   s e l e c t e d .  

F i g .  8   s h o w s   in   d e t a i l   t h e   s e l e c t o r   13  and  t h e  

s i g n   c i r c u i t   14.   As  i l l u s t r a t e d ,   t h e   s e l e c t o r   13  

c o m p r i s e s   31  s e l e c t i o n   u n i t s   SELCO -   SELC30  r e c e i v i n g ,  

a t   f i r s t   i n p u t   t e r m i n a l s   XMO -  XM22  and  XEO -   X E 7  f r o m  

t h e   X  bus   6,  a t   s e c o n d   i n p u t   t e r m i n a l s   YMO -  YM22  a n d  

YEO -   YE7  f r o m   t h e  Y   bus   7,  a n d ,   a t   t h i r d   i n p u t   t e r m i n a l s ,  

fNANO -   fNANl  f r o m   t h e   c o n t r o l   PLA  12  and  "1"  . . . . " 1 "  

f r o m   t h e   ROM  13A.  The  s e l e c t i o n   by  e a c h   s e l e c t i o n   u n i t  

i s   in   a c c o r d a n c e   w i t h   t h e   s i g n a l s   OX,  OY,  NAN  f r o m   t h e  

c o n t r o l   PLA  1 2 .  

The  s i g n   c i r c u i t   14  r e c e i v e s   t h e   s i g n   b i t   XS  f r o m  

t h e   X  bus   6,  t h e   s i g n   b i t   YS  f r o m   t h e   Y  b u s  7 ,   t h e  

s i g n a l s   X S⊕Y S ,   PS,  OX,  OY  f r o m   t h e   c o n t r o l   PLA  12,  t h e  

s i g n a l   YNAN  f r o m   t h e   c l a s s   bus   5  a n d  t h e   s i g n a l   S  f r o m  

t h e   command  bus   8,  and  d e t e r m i n e s   t h e   s i g n i f i c a n c e   o f  

t h e   o u t p u t   EXH31,  w h i c h   f o r m s   t h e   s i g n   b i t   of  Z,  i n  

a c c o r d a n c e . w i t h   t h e   s i g n i f i c a n c e  o f   t h e   i n p u t t e d   s i g n a l s .  

The  o u t p u t s   EXHO -   EXH31  of   t h e   s e l c t o r  1 3   and  t h e  



s i g n   c i r c u i t   14  f o r m   a  32  b i t   a r r a y   o f   t h e   p r o p o s e d  

IEEE  s t a n d a r d   ( F i g .   2 A ) .  

F i g .   9  shows   in   d e t a i l   one   o f   t h e   s e l e c t i o n   u n i t s  

S E L C O  -   SELC30.   As  i l l u s t r a t e d   t h i s   s e l e c t i o n   u n i t  

SELCi  c o m p r i s e s   a  t r a n s f e r   g a t e   301  r e c e i v i n g   a  d a t a  

b i t   f r o m   t h e   X  b u s ,   a  t r a n s f e r   g a t e   302  r e c e i v i n g  

a  d a t a   b i t   f r o m   t h e   Y  b u s ,   and  a  t r a n s f e r   g a t e   3 0 3  

r e c e i v i n g   a  d a t a   b i t   303  f r o m   t h e   ROM  13  or   one  o f  

fNANl  and   fNANO.  The  t r a n s f e r   g a t e s   3 0 1 ,   302  and  3 0 3  

a r e   made  o p e n   when  t h e   c o r r e s p o n d i n g   one  of  t h e   s i g n a l s  

OX,  OY  and  NAN  i s   " 1 " .   An  a m p l i f i e r   304  a m p l i f i e s   t h e  

s e l e c t e d   o u t p u t   of   t h e   t r a n s f e r   g a t e s .   The  o u t p u t   o f  

t h e   a m p l i f i e r   304  c o n s t i t u t e s   t h e   o u t p u t   EXHi  of   t h e  

s e l e c t i o n   u n i t   S E L C . .  

F i g .   10  shows   in   d e t a i l   t h e   s i g n   c i r c u i t   14.  A 

NOT  c i r c u i t   404  r e c e i v e s   t h e   s i g n a l   PS.   An  AND  g a t e   4 0 1  

r e c e i v e s   t h e   s i g n a l   XS ⊕ PYS  and   t h e   o u t p u t   of   t h e   NOT 

c i r c u i t   404 .   An  AND  g a t e   406  r e c e i v e s   t h e   s i g n a l   S  a n d  

t h e   s i g n a l   YNAN.  An  E x c l u s i v e - O R   g a t e   407  r e c e i v e s   t h e  

s i g n a l   YS  and   t h e   o u t p u t   of   t h e   AND  g a t e   406 .   An  AND 

g a t e   402  r e c e i v e s   t h e   o u t p u t   of  t h e   E x c l u s i v e - O R   g a t e  

4 0 7 ,   t h e   s i g n a l   PS,   and   t h e   s i g n a l   OY.  An  AND  g a t e   4 0 3  

r e c e i v e s   t h e   s i g n a l   XS,  t h e   s i g n a l   PS  and  t h e   s i g n a l   OX. 

An  OR  g a t e   405  r e c e i v e s   t h e   o u t p u t s   o f   t h e   AND  g a t e s   4 0 1 ,  

402  and   4 0 3 .   The  o u t p u t   o f   t h e   OR  g a t e   c o n s t i t u t e s   t h e  

o u t p u t   EXH31  of   t h e   s i g n   c i r c u i t   14.   The  o u t p u t   EXH31  i s  

t h e r e f o r e   g i v e n   b y :  



F i g .   4  shows   t h e   r e l a t i o n s h i p   b e t w e e n   some  of  c o m -  

b i n a t i o n s   o f   t h e   i n p u t s ,   i . e . ,   t h e   t y p e s   of   t h e   g i v e n  

o p e r a n d s   and  t h e   k i n d s   of  a r i t h m e t i c   o p e r a t i o n   c o m m a n d -  

ed  and  t h e   o u t p u t ,   i . e . ,   how  t h e   v a l u e   of   t h e   o u t p u t   Z 

and  i t s   s i g n   b i t   s h o u l d   be  d e t e r m i n e d .   The  v a l u e   i n  

t h e   c o l u m n s   ZERO,  INF,  NAN  f o r   t h e ` o p e r a n d   X  i s   "1"  o r  

"0"  d e p e n d i n g   on  w h e t h e r   t h e   o p e r a n d   X  i s   ZERO,  INF  o r  

NAN.  The  v a l u e   in   t h e   c o l u m n s   ZERO,  INF,  NAN  f o r   t h e  

o p e r a n d   Y  i s   "1"  or   "0"  d e p e n d i n g   on  w h e t h e r   t h e   o p e r a n d  

Y  i s   ZERO,  INF  or   NAN.  The  v a l u e   in   t h e   c o l u m n   A + S 

(=  M)  i s   "1"  when  e i t h e r   a d d i t i o n   or  s u b t r a c t i o n   i s  

c o m m a n d e d   and  i s   "0"  when  m u l t i p l i c a t i o n   i s   c o m m a n d e d .  

"X"  in   t h e   c o l u m n   Z ( e f Z )   s i g n i f i e s   t h a t   t h e   Z  =  X ,   s o  

t h a t   a l l   t h e   b i t s   of   X  s h o u l d   be  u s e d ,   w i t h o u t   c h a n g e ,  

a s  t h e   b i t s   of   Z.  " ( X ) "  i n   t h e   same  c o l u m n   s i g n i f i e s  

t h a t   t h e   e x p o n e n t   and  t h e   f r a c t i o n   of   Z  a r e   e q u a l   t o  

t h o s e   of   X,  so  t h a t   a l l   t h e   b i t s   e x c e p t   t h e   s i g n   b i t  

s h o u l d   be  u s e d ,   w i t h o u t   c h a n g e ,   as  t h e   b i t s   of   Z.  "Y"  a n d  

" ( Y ) "  i n   t h e   same  c o l u m n   h a v e   s i m i l a r   s i g n i f i c a n c e s .  

"NAN"  in   t h e   c o l u m n   Z ( e f Z )   i n d i c a t e s   t h a t   e x p o n e n t  a n d  

f r a c t i o n   of   Z  s h o u l d   h a v e   a  v a l u e   of   NAN,  i . e . ,   t h e  

e x p o n e n t   s h o u l d   be  a l l   "1"  as  p r e s c r i b e d   by  t h e   p r o p o s e d  

IEEE  s t a n d a r d   and  t h e   f r a c t i o n   s h o u l d   be  one  of   t h e   p r e -  

d e t e r m i n e d   v a l u e s .   The  v a l u e   of   t h e   f r a c t i o n   f o r   e a c h  

c a s e   N A N ( # l ) ,   N A N ( # 2 ) ,   NAN(#3)  i s   as  i n d i c a t e d   in   t h e  

c o l u m n   fZ.   The  c o l u m n   ZS  i s   p r o v i d e d   to  i n d i c a t e   t h e  



s i g n   b i t   o f   Z  w h e r e   t h e   c o l u m n   Z ( e f Z )   d o e s   n o t   s p e c i f y  

t h e   s i g n   b i t   of   Z  o r   w h e r e   Z  i s   NAN. 

The  o u t p u t   o f   t h e   s e l e c t o r   13  and   t h e   o u t p u t   o f  

t h e   s i g n   c i r c u i t . l 4   f o r m   a  32  b i t   o u t p u t   of   t h e  

e x c e p t i o n   h a n d l i n g   s e c t i o n   1 0 .  

A  s e l e c t o r   31  r e c e i v e s   t h e   o u t p u t   o f   t h e   e x c e p t i o n  

h a n d l i n g   s e c t i o n   10  and  t h e   s e l e c t o r   32.   I t   a l s o  

r e c e i v e s   t h e   s i g n a l   EX  f r o m   t h e   c o n t r o l   PLA12.  I t  

s e l e c t s   t h e   o u t p u t   of   t h e   e x c e p t i o n   h a n d l i n g   s e c t i o n   1 0  

when  t h e   s i g n a l   EX  i s   " 1 " ,   and  s e l e c t s   t h e   o u t p u t   o f  

t h e   s e l e c t o r   32  when  t h e   s i g n a l   EX  i s   " 0 " .  

In   o p e r a t i o n ,   o p e r a n d s   in   t h e   X  r e g i s t e r   1  and  t h e  

Y  r e g i s t e r   2  a r e   s u p p l i e d   to   t h e   X  c l a s s i f i c a t i o n   c i r -  

c u i t   3  and  t h e   Y  c l a s s i f i c a t i o n   c i r c u i t   4,  and  c l a s s i -  

f i e d   i n t o   ZERO,  INF,  NAN,  DNL  and  NML.  The  s i g n a l s  

ZERO,  INF,   NAN,  DNL  and  NML  i n d i c a t i v e   of   t h e   r e s u l t s  

o f   t h e   c l a s s i f i c a t i o n   a r e   t r a n s f e r r e d   v i a   t h e   c l a s s   b u s  

5  and   d e l i v e r e d   to   t h e   c o n t r o l   PLA12,   t h e   e x p o n e n t  

s e l e c t o r   c o n t r o l   c i r c u i t   25  and  t h e   f r a c t i o n   s e l e c t o r  

c o n t r o l   c i r c u i t   27.  T h u s ,   t h e   s i g n a l s   i n d i c a t i v e   of   t h e  

r e s u l t s   of   t h e   c l a s s i f i c a t i o n   a r e   u s e d   in   t h e   m u l t i -  

p l i c a t i o n   s e c t i o n   20  to   d i r e c t l y   p r o d u c e   t h e   v a l u e   f o r  

Z  ( t h e   r e s u l t   o f   a r i t h m e t i c   o p e r a t i o n )   w i t h o u t   r e c o u r s e  

t o   n o r m a l   f l o a t i n g - p o i n t   m u l t i p l i c a t i o n   o p e r a t i o n   w h e n  

e i t h e r   o r   b o t h   of   t h e   o p e r a n d s   i s   of   one   of   s p e c i a l  

c l a s s e s   (ZERO,  DNL).  S i m i l a r   p r o c e s s i n g   i s   p e r f o r m e d  

in   t h e   a d d i t i o n / s u b t r a c t i o n   s e c t i o n   40  to   d i r e c t l y  



p r o d u c e   t h e   v a l u e   of   Z  w i t h o u t   r e c o u r s e   to   n o r m a l   f l o a t -  

i n g - p o i n t   a d d i t i o n / s u b t r a c t i o n   o p e r a t i o n   when  e i t h e r   o r  

b o t h   o f   t h e   o p e r a n d s   i s   of   one   of   s p e c i a l   c l a s s e s .  

When  t h e   c o m b i n a t i o n   of   t h e   k i n d   of   a r i t h m e t i c  

o p e r a t i o n   to   be  p e r f o r m e d  a n d   t h e   c l a s s e s   o f   t h e   o p e r a n d s  

X  and  Y  i s   one  of   t h o s e   shown  i n   t h e   t a b l e   of   F i g .   4 ,  

3 2 - b i t   v a l u e   of   Z,  w h i c h   i s   t h e   r e s u l t   of  e x c e p t i o n   h a n d l -  

i n g ,   i s   p r o d u c e d   by  t h e   e x c e p t i o n   h a n d l i n g   s e c t i o n   1 0  

and  i s   s u p p l i e d   to   t h e   s e l e c t o r   31,   w h i c h   s e l e c t s ,  

r e s p o n s i v e  t o   t h e   s i g n a l   EX  f r o m   t h e   c o n t r o l   PLA  12,  t h e  

r e s u l t   of   t h e   e x c e p t i o n   h a n d l i n g .  

As  h a s   b e e n   d e s c r i b e d ,   t h e   i n v e n t i o n   p r o v i d e s   a  

f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   s y s t e m   h a v i n g   h a r d -  

w a r e   u n i t s   f o r   c l a s s i f y i n g   t h e   o p e r a n d s   and  p e r f o r m i n g  

e x c e p t i o n   h a n d l i n g .   The  s y s t e m   i s   t h e r e f o r e   c a p a b l e   o f  

a t t a i n i n g   a  h i g h e r   p r o c e s s i n g   s p e e d   t h a n   c o n v e n t i o n a l  

s y s t e m s   w i t h   a  m i c r o p r o g r a m   f o r   t h e   e x c e p t i o n   h a n d l i n g .  



1.  A  f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   s y s t e m  

p e r f o r m i n g   an  a r i t h m e t i c   o p e r a t i o n   on  two  g i v e n   o p e r a n d s  

X,  Y  and  p r o v i d i n g   t h e   r e s u l t   Z  o f   t h e   a r i t h m e t i c  

o p e r a t i o n ,   c h a r a c t e r i s e d   b y :  

an  X  c l a s s i f i c a t i o n   c i r c u i t   (3)  r e c e i v i n g   at  l e a s t  

p a r t   o f   t h e   b i t s   r e p r e s e n t i n g   t h e   o p e r a n d   X  to   c l a s s i f y  

t h e   o p e r a n d   X  and   p r o d u c i n g   a t  l e a s t   one   X  c l a s s   s i g n a l  

i n d i c a t i v e   o f   t h e   r e s u l t   of   t h e   c l a s s i f i c a t i o n ;  

a  Y  c l a s s i f i c a t i o n   c i r c u i t   (4)  r e c e i v i n g   at   l e a s t  

p a r t   o f   t h e   b i t s   r e p r e s e n t i n g   t h e   o p e r a n d   Y  to   c l a s s i f y  

t h e   o p e r a n d   Y  and   p r o d u c i n g   a t   l e a s t   one   Y  c l a s s   s i g n a l  

i n d i c a t i v e   of   t h e   r e s u l t   of   t h e   c l a s s i f i c a t i o n ;   a n d  

a d o p t i n g   m e a n s   (20)  r e s p o n s i v e   to  the  X  c l a s s   s i g n a l ,  

and   Y  c l a s s   s i g n a l   f o r   a d o p t i n g ,   a t   l e a s t   p a r t   of   t h e  

b i t s   o f   t h e   o p e r a n d   X,  a t   l e a s t   p a r t   of   t h e   b i t s   of   t h e  

o p e r a n d   Y  o r   a  p r e d e t e r m i n e d   s e t   of   b i t s ,   as  a t   l e a s t  

p a r t   o f   t h e   r e s u l t   Z  of   t h e   o p e r a t i o n   when  t h e   s i g n i f i -  

c a n c e s   of   t h e   X  c l a s s   s i g n a l   and  t h e   Y  c l a s s   s i g n a l  

f o r m   one  of   p r e d e t e r m i n e d   c o m b i n a t i o n s .  

2.  A  s y s t e m   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i s e d   i n  

t h a t   s a i d   a d o p t i n g   m e a n s   c o m p r i s e s :  

a  c o n t r o l   l o g i c   c i r c u i t   (25,27j  r e s p o n s i v e   to  the  X  c l a s s  

s i g n a l   and   t h e   Y  c l a s s   s i g n a l   f o r   p r o d u c i n g   a  s e t   o f  

c o n t r o l   s i g n a l s ;   a n d  

s e l e c t i n g   nea r s   (24,26)  r e c e i v i n g ,   as  the  i n p u t s ,   t h e  



o p e r a n d   X,  t h e   o p e r a n d   Y  and   a t   l e a s t   one   p r e d e t e r m i n -  

ed  s e t   of   b i t s   and  s e l e c t i n g   one  of   t h e   i n p u t s   i n   a c -  

c o r d a n c e   w i t h   t h e   c o n t r o l   s i g n a l s .  

3.  A  system  a c c o r d i n g   to  c l a im  2  c h a r a c t e r i s e d   in  t h a t  

sa id   c o n t r o l   l o g i c   c i r c u i t   is  a l so   connec t ed   to  r e c e i v e   a  

command  s i g n a l   s p e c i f y i n g   t h e   k i n d . o f   a r i t h m e t i c  

o p e r a t i o n   to   be  p e r f o r m e d ,   and  i s   a l s o   d e p e n d e n t   o n  

t h e   command  s i g n a l   i n   d e t e r m i n i n g   t h e   s i g n i f i c a n c e   o f  

s a i d   s e t   of   c o n t r o l   s i g n a l s .  

4.  A  system  a c c o r d i n g   to  c la im  1  f u r t h e r   c h a r a c t e r i s e d   b y :  

a  n o r m a l   f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   u n i t  

(20A)  p e r f o r m i n g   an  a r i t h m e t i c   o p e r a t i o n   on  t h e   o p e r a n d s  

X  and  Y;   a n d  

a  c o n t r o l   c i r c u i t  ( 2 5 , 2 7 )   r e s p o n s i v e   to  the  X  c l a s s  

s i g n a l   and   t h e   Y  c l a s s   s i g n a l   f o r   p r o d u c i n g   a  s e t   o f  

c o n t r o l   s i g n a l s  ,  

w h e r e i n   s a i d   a d o p t i n g   m e a n s   c o m p r i s e s   s e l e c t -  

i n g   means  (24,26)  r e c e i v i n g   the  r e s u l t   of  the  a r i t h m e t i c   o p e r a -  

t i o n   p e r f o r m e d   by  s a i d   n o r m a l   f l o a t i n g - p o i n t   a r i t h m e t i c  

o p e r a t i o n   u n i t ,   a t   l e a s t   p a r t   of   t h e   b i t s   of  t h e   o p e r a n d  

X,  a t   l e a s t   p a r t   of  t h e   b i t s   of  t h e   o p e r a n d   Y,  and  a  

p r e d e t e r m i n e d   s e t   of   b i t s   and   s e l e c t i v e l y   p r o d u c i n g   o n e  

of  t h e   i n p u t s   in   a c c o r d a n c e   w i t h   t h e   c o n t r o l   s i g n a l s .  



5.  A  system  a c c o r d i n g   to  c la im  4  c h a r a c t e r i s e d   in  t h a t   s a i d  

normal  f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   u n i t   comprises   a  

n o r m a l   f l o a t i n g - p o i n t   m u l t i p l i c a t i o n   u n i t   (20A)  c o m p r i s i n g  

a  m a n t i s s a   p r o c e s s o r   (23)  p e r f o r m i n g   m u l t i p l i c a t i o n   o n  

t h e   m a n t i s s a s   of   t h e   o p e r a n d s   X  and   Y  and  n o r m a l i z a t i o n  

w h e r e   n e c e s s a r y   and  an  e x p o n e n t   p r o c e s s o r   (22)  p e r f o r m i n g  

a d d i t i o n  o f   t h e   e x p o n e n t s   of  t h e   o p e r a n d s   X  and  Y,  a n d  

a d j u s t m e n t   a t t e n d a n t   on  t h e   n o r m a l i z a t i o n .  

6.  A  system  a c c o r d i n g   to  c la im  1  f u r t h e r   c h a r a c t e r i s e d   b y :  

a  n o r m a l   f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   u n i t  

(20A)  p e r f o r m i n g   an  a r i t h m e t i c   o p e r a t i o n   on  t h e   o p e r a n d s  

X  and  Y  w h o s e   c l a s s e s   do  n o t   f o r m   any   of   s a i d   p r e d e t e r -  

m i n e d   c o m b i n a t i o n s ;   a n d  

a  c o n t r o l   c i r c u i t   (25,27)  r e s p o n s i v e   to  the  X  c l a s s  

s i g n a l   and  t h e   Y  c l a s s   s i g n a l   f o r   p r o d u c i n g   a  s e t   o f  

c o n t r o l   s i g n a l s ,  

w h e r e i n   s a i d   a d o p t i n g   m e a n s   c o m p r i s e s   s e l e c t -  

i n g   means  (24,26)  r e c e i v i n g   the  r e s u l t   of  the  a r i t h m e t i c   o p e r a -  

t i o n   p e r f o r m e d   by  s a i d   n o r m a l   f l o a t i n g - p o i n t   a r i t h m e t i c  

o p e r a t i o n   u n i t ,   a t   l e a s t   p a r t   of   t h e   b i t s   of   t h e   o p e r a n d  

X,  a t   l e a s t   p a r t   of   t h e   b i t s   of   t h e   o p e r a n d   Y,  and  a  

p r e d e t e r m i n e d   s e t   of  b i t s   and  s e l e c t i v e l y   p r o d u c i n g   o n e  

o f  t h e   i n p u t s   i n   a c c o r d a n c e   w i t h   t h e   c o n t r o l   s i g n a l s .  

7.  A  system  a c c o r d i n g   to  c la im  6  c h a r a c t e r i s e d   in  t h a t   s a i d  

normal  f l o a t i n g - p o i n t   a r i t h m e t i c   o p e r a t i o n   u n i t   compr ises   a  n o r m a l  



f l o a t i n g - p o i n t   m u l t i p l i c a t i o n   u n i t   (20A)  compr i s i ng   a  

m a n t i s s a   p r o c e s s o r   (23)  p e r f o r m i n g   m u l t i p l i c a t i o n   on  t h e  

m a n t i s s a s   of  t h e   o p e r a n d s   X  and  Y  and  n o r m a l i z a t i o n  

w h e r e   n e c e s s a r y   and   an  exponent   p r o c e s s o r   (22)  p e r f o r m i n g  

a d d i t i o n   of   t h e   e x p o n e n t s   of  t h e   o p e r a n d s   X  and  Y,  

and  a d j u s t m e n t   a t t e n d a n t   on  t h e   n o r m a l i z a t i o n .  
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